Is a sex-determining gene(s) necessary for sex-determination in amphibians? Steroid hormones may be the key factor.
Amphibians have 2 genetic sex-determining systems, one with male (XX/XY) and one with female (ZZ/ZW) heterogamety. While the ancestral state of sex-determination is thought to be female heterogamety, male and female heterogametic types were probably once interchangeable. The Japanese frog Rana rugosa has both XX/XY and ZZ/ZW systems within a single species in certain local populations. However, steroid hormones can alter the phenotypic sex epigenetically. In R. rugosa, steroidogenic enzyme expression starts before sex-determination in the indifferent gonad, and these enzymes become active in both male and female tadpoles. Androgens are produced in the indifferent gonad of male tadpoles at high levels, whereas estrogens are synthesized in females. In this regard, the observed enhanced expression of the hormone-metabolizing genes, CYP19 in the female gonad and CYP17 in males, may be crucial for sex-determination. Moreover, with FSH known to increase estrogen synthesis in the vertebrate ovary, observed upregulation of FSH receptor (FSHR) expression in the indifferent gonad of female tadpoles is intriguing. These data suggest that steroid hormones could be crucial for sex-determination in R. rugosa, with the consequence that upregulation of CYP19 and FSHR expression is necessary for female and CYP17 for male sex-determination.